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Members of the RNA-binding protein superfamily contain RNA binding domains of about 90 amino acids with a highly conserved motif ‘GFGF’. 
Using the conserved motif with some variations G-(F/Y)-(G/A)-(F/Y)-(V/I)-X-(F/Y) as a probe, we screened protein sequences carrying identical 
amino acids in an NBRF-protein database. It has been found that the C-terminal portion of clustered asparagine-rich protein (CARP), a malaria 
antigen from Pl~modium~lci~~, shows an unexpected sequence similarity with the RNA-binding protein superfamily for the C-terminal half 
of the RNA-binding domain. Dot matrix comparisons and alignment of these sequences as well as a statistical test have revealed highly significant 
sequence similarities. From these analyses, we conclude that the malaria antigen CARP belongs to a large family of the RNA-binding proteins. 
An evolutionary implication of the sequence similarity was also discussed. 
RNP motif; Malaria antigen; Homology; Evolution 
1. INTRODUCTION 
Several protein components of the ribonucleoprotein 
(RNP) particle, including heterogeneous nuclear RNPs 
(hnRNPs), small nuclear RNPs (snRNPs), poly(A) 
binding protein and nucleolin, comprise a large family 
of RNA-binding proteins that share RNA-binding do- 
main of about 90 amino acids [l]. The family members 
contain a highly conserved stretch of amino acids, 
‘GFGF’, the so-called RNP consensus motif, which is 
a hallmark characteristic of the RNA-binding domain 
[1,2]. Recently, members of the superfamily are in- 
creasingly found beyond the vertebrate RNPs in 
Drosophila pen [3], elav [4], Sex lethal (Sxl) [5], and 
transformer-2 (tra-2) [6] gene products as well as in 
abscisic acid-induced glycine-rich protein from maize 
[7,8]. We report here tht a Pl~mod~um falciparum an- 
tigen CARP (clustered-asparagine-rich protein) [9] 
shows a significant similarity in sequence with the 
RNA-binding domains. Thus the CARP is a new 
member of the RNA-binding protein superfamily. 
and X represents any one of amino acids. Dot matrix comparison and 
sequence alignment between the CARP and the members of the 
RNA-binding protein family were carried out by the method describ- 
ed previously [11,12]. On the basis of the alignment, the probability 
Pr that the observed sequence similarity is realized by chance was 
estimated by the method described previously 11 I]. 
3. RESULTS AND DISCUSSION 
2. MATERIALS AND METHODS 
The strategy for detecting sequences carrying a stretch of amino 
acids identical to that of a probe in a protein database is essentially 
the same as that described previously [lo]. We used a stretch of 
ammo acids G-(F/Y)-(G/A)~F/~-(V/I)-X-(F/Y), known as the 
RNP consensus motif [l], including some variations, as a probe, 
where (F/Y), for example, means F or Y at the amino acid position 
Using the highly conserved amino acids G-(F/Y)- 
(G/A)-(F/Y)-(V/I)-X-(F/Y) as a probe,we screened 
protein sequences in the NBRF protein database 
(release 20.0) as we11 as recently published sequences 
complied in our database. Twenty sequences containing 
a stretch of amino acids identical with the probe were 
detected. All these sequences are known members of 
the RNA-binding protein superfamily, except for the 
malaria antigen CARP containing clusters of aspara- 
gine residues from Plasmodium falciparum [9]. The 
CARP sequence was compared with sequences of all 
members of the RNA-binding protein superfamily by a 
dot matrix method [I 1,121. Fig.1 shows the dot matrix 
comparison between the CARP and the poly(A)- 
binding protein (poly(A)-BP) 1131. This figure shows 
four diagonal lines representing strong sequence 
smilarities (indicated by arrows) for regions correspon- 
ding to the C-terminal half of the RNA-binding do- 
main, where their sequences are strongly conserved 
among the members of the RNA-binding protein super- 
family and the ‘GFGF’ motif exists 111. Dot matrix 
comparisons with other members also show similar 
results. 
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Fig. 1. Dot matrix comparison between the poly(A)-binding protein 
(poly(A)-BP) and the malaria antigen CARP. Four diagonal lines 
showing significant sequence similarities between the two sequences 
are indicated by arrows. The four RNA-binding domains (I-IV) of 
the poly(A)-BP and the Asn-rich and RNP-related domains of the 
CARP are also shown. 
cent amino acid identity I{%) of the CARP with each 
member of this family and the probability Pr that such 
sequence similarity is realized by chance are also shown 
in fig.2. Evidently the sequence similarities between the 
CARP 
PolyIAI-BP Rl 
R2 
:"4 
elav Rl 
R2 
R3 
Wucleolin RI 
R2 
:: 
C-protein 
IJl snRNP 70K 
"'"i%N; 
hnRNP Al RI 
R2 
pen RI 
A: 
b-a-2 
5x1 Rl 
RE 
Positions 
403-440 
49- ah 
136-172 
225-262 
327-364 
200-237 
287-324 
440-477 
344-380 
426-463 
5X9-556 
606-643 
48- a5 
318-355 
49- 86 
46- 83 
52- 80 
143-179 
69-105 
160-196 
46- 83 
so- a7 
163-200 
249-286 
GRSKGFG 
GKSKGYA 
GKPRGYA 
gKIF;IR GmA 
F;tFi 
F V N Y V 
u F I R F D 
FVSHT 
YVDFE 
YIEFK 
FXEFA 
FVDFN 
n 
FVQFS 
F I E Y E 
FVIFK 
CARP and the members of the RNA-binding protein 
superfamily are highly significant, except for the se- 
cond repeat unit of nucleolin and the second repeat unit 
of hnRNP Al protein (fig.2). A weak sequence simila- 
rity is also found in the less conserved N-terminal half 
of the RNA-binding domain. In the CARP the highly 
conserved ‘GFGF’ motif is located at the precise posi- 
tion to those in the RNA-binding domain. Furthermore 
a unique structural feature of asparagine-rich domain 
in CARP also resembles to the simple structure of 
clustered amino acids often found at the N-terminal or 
C-terminal region of the family members (see referen- 
ces cited in fig.2). From these results, we conclude that 
the CARP is a new member of the RNA-binding pro- 
tein superfamily and possibly has been derived from a 
member of this superfamily by gene duplication. 
Strikingly, the malaria antigen CARP bears a struc- 
tural resemblance to protein components of RNP. 
These two protein species differ from each other in 
both function and localization within the cell. Unlike 
many P. f~~eip~r~rn antigens known to date, the CARP 
lacks tandem repeats of antigen sequences. Instead, it 
contains a region rich in asparagine residues that are 
distributed in clusters rather than in repeats. Combin- 
ing the fact that similar simple structures exist in some 
members of the RNA-binding family, it may be possi- 
ble to speculate that a certain gene for RNA-binding 
protein with a simple structure of clustered amino acids 
has been used as an antigen during the evolution of an 
ancestral malaria species. There is another example of 
such unexpected sequence similarity: A malaria antigen 
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Fig.2. Alignment of the amino acid sequence of the CARP with those of the RNA-binding protein superfamily. Highly conserved amino acids 
are boxed and also are shown beneath the alignment. The amino acid positions of the aligned region are shown. Gaps (-) were introduced to 
increase the sequence similarity. I, the percent amino acid identity of CARP with each member of the superfamiiy. Pr, the probability that such 
similarity is realized by chance; the Pr value 7.1E-06, for example, means 7.1 x 10e6. Poly(A)-BP Rl, for example, represents the first repeat 
unit of the poly(A)-BP. Abbreviations of proteins and sequence data sources: CARP [9]; Poly(A)-BP, human poly(A)-binding protein [13]; eluv, 
Drosophila elav gene product [4]; Nucleolin,from hamster [14]; C-protein, Xenopus luevis hnRNA C-protein [IS]; Ul snRNP 7OK, from human 
[16]; Ul-associated A protein, from human [17]; U2 snRNP, from human [18]; hnRNP Al, from human [19]; pen, Drosophila pen gene product 
[3}; ABA, maize abscisic acid-induced glycine-rich protein [7]; @u-Z, Drosophila sex-determining fru-2 gene product 161; sxi, Drosophila sex-lethal 
gene product ]5]. 
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Ag63 from P. falciparum share a close sequence 
similarity with the heat shock protein (HSP70) family 
[20], an enzyme carrying ATPase activity [Zl]. It may 
be interesting to know whether other malaria antigens 
also share sequence similarities with proteins of such 
distinct functions as enzymes and nuclear factors. Lens 
crystallins are unique structural proteins that have 
evolved by recruiting or duplicating already existing en- 
zymes [22]. 
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